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catLTex^angelS 5 ^ 6 0btained by ^nating a 

^ran^^rco^suf ^ aS * 

u f L r d ! he in?s:r- t o H L g ^ urity titanium (lv) suifate is 

Z^l^^f redUCti ° n '~ - -rly stage, an 
InO^W^ ^ ^ int ° - atidic Soluti - ^ving 

ar?i02! at to n ° f SOlUti ° n iS 10 - 20 ° g/litter calculate 
aqueous solution of sodium hydroxide having 0 2-3 N 
concentration- is used as an 

electrolyte to be' used in an anode chamber. The current 
density is 0.1-100 current 

A/dm2 and the temperature is 0-100 
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substrate, layer 20, which 
forms the r^hn^ ' , h 



±ayer 20, which 1 
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Electrolytic bathT J^SsS llrai ^sed in the 
continuous plating current , ' 

^ns from the u "ent is employed to release copper 

fi^rpl^te and deposit metal 1 < 

layer 20. Typical ™ eta ^c copper on the cathode seed 

Plating currents of 20-?nr> , 

**are centimeter) •^.a/cm.sup.2 (microamperes per 
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by lat 0 e 5 r°in y SCOnUnUitieS ln a seed *W ™y be repaired 
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TITLE : Electrochemical system with anode 
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compartments - has ion and gas 
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An electrode apparatus (21) (adapted for a 
self-regenerable electrochemical 

cell (10) ) containing excess free electrolyte and having, an 
^ anode compartment 

(20) containing anode solution and a cathode compartment 

(18) containing 

cathode solution of different compositon than said anode 
solution, in which gas 

and ions are produced and consumed in said compartments 
during electrical 

current generation by said system, whereby an ionic 
concentration difference is 

established in the said cell (10); an electromotive force 
is created due to the 

said concentration difference; during normal cell operation 
a gas is created as 

the result of the electrochemical reaction responsible for 
the said 

electromotive force in one compartment (18, 20) while 
consumed during the 

respective electrochemical reaction at the other cell 

compartment (20, 18); and 

the acid and base consumed during operation of the cell 
(10) are continually 

regenerated by thermal decomposing the salt formed by the 
combination of the 

cation of the base and the anion of the acid, wherein said 
electrode apparatus 

comprises: a membrane (22) for separating said anode - 
compartment (20) from said 
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S^5S t .Md cathod * slde of the < 22 > » d 

STSSISS ° n of the .e^rane and in 

^ ra :ner f at r ed ge ^ r saiS g CUr " nt » d 

cathode means and anode means migrate thrmmh 

to provide transfer migrate through said membrane 

rLn* 1 ? ^ i0nS between said anode and cathode 
compartments while limiting catnoae 

said flow of solution. 
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for^ng N a DE duar T ^ iS alSO inClUded ^ * -thod of 
damascene copper interconnect metallurgy involving 
depositing an insulative 

JSS SfiM IT StratS ' patternln 9 opting, and grooves 

IL^lflZV^' ^itiM a copper seed layer on 
S taK^""'" " ™ 2i±=t££iXte having copper salts and 

cop d per V !av: r 9l on" h n e 3 ^ • Uotlel Y t " ting a «»t 

fot S a r I1 t rst y tSe lylnJ CUrr " nt ^ * " rSt current d - s "y 

:^»™'br^5S a second copper layer on the 
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S^-Si^lS: a " fUled Wlth the to a 

openings, 'and'""" ^ "«" c ™ t t0 the *™ a » d 
SSlcf lie" on ay h r rti ° nS ° f C ° PPer and the barri - 
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[0087] The substrate is then transferred to an 
electrochemical deposition 

system, and the interconnect features on the substrate are 
filled using an 

electrochemical deposition or electroplating cell 
containing a highly resistive 

electrolyte. For copper metallization, the electrolyte 
comprises CuSO.sub.4 

haying a molar concentration between about 0.5M and about 
1 . 1M, HC1 at a 

concentration between about 50 ppm and about 100 ppm, a 
carrier additive at a 

concentration between about 12.5 ml/1 and about 20 ml/1, 
H.sub.2SO.sub.4 having 

a concentration less than about 0.2 percent. The 
metallization or filling of 

the feature is accomplished by applying a first power 
density to the plating 

surface (i.e., seed layer) at about 2 mA/ cm. sup. 2 for about 
18 seconds followed 

90 seconds^ ^he* denSity at about 40 ^/cm.sup^ for about 

electrolyte is flowed at between 2 gpm and about 4.5 gpm 
during the 

electroplating process. No substrate rotation is required 
to achieve uniform M 
deposition results. 
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